Abstract
Introduction
Molybdenum pentachloride, MoCl 5 [1] , is a commercial compound which has found increasing employment as catalytic precursor in organic synthesis, due to the easy availability and peculiar chemical properties [2] . Although MoCl 5 is highly moisture-sensitive, its use is considered as environmentally acceptable since such halide converts into biocompatible salts in aqueous solution [3] . In agreement with the principle that advancing in the knowledge of the coordination chemistry of transition metal compounds may contribute to the development of the relevant catalysis [4] , we have been recently involved in a systematic study of the reactivity of MoCl 5 with oxygen atom donors [5] . The present paper focuses on the reactions of MoCl 5 with limited amounts of aliphatic alcohols, including compounds bearing an additional functionality (i.e. 2-chloroethanol, N,Ndiethylamino-2-ethanol and 2-methoxyethanol).
The reactions of high valent, transition metal chlorides with alcohols typically proceed with HCl release and constitute a convenient entry into mixed chlorido-alkoxide complexes. This feature is common, for instance, to TiCl 4 [6], MCl 5 (M = Nb, Ta) [4] , WCl x (x = 5, 6) [7] and WOCl 4 [8] , although the reactions between WCl 6 and aliphatic alcohols may be accompanied by monoelectron reduction of the tungsten center [7a,b] .
Conversely, the chemistry of MoCl 5 with alcohols has been little elucidated heretofore, since information available in the literature are sparse and possibly conflicting. In fact, the 1:2 reactions of MoCl 5 with ROH (R = Me, Et) at −78 °C were claimed to proceed with the "classical" scheme, i.e.
HCl evolution and formation of MoCl 3 (OR) 2 derivatives (see above) [9] . Unambiguous structural characterizations were not provided, instead crystallographically-characterized Mo(V) chloridoalkoxides have been obtained by treatment of MoCl 5 with sodium alkoxides [10] or aliphatic ethers [5f,g]. On the other hand, MoCl 5 was found to promote the conversion of cyclohexanol into cyclohexyl chloride in stoichiometric conditions [11] . Such chlorinating power might be implicated in the MoCl 5 -catalyzed amidation of secondary benzyl alcohols [12] .
Limberg and co-workers elegantly identified the high-yield product of the room temperature reaction of MoCl 5 with a large excess of ethanol in chloroform, that is the dinuclear complex [MoOCl 2 (µ-OEt)(µ-EtOH) 0.5 ] 2 [13] . They clearly detected MoOCl 3 (EtOH) as intermediate species in the course of the reaction, and proposed MoOCl 3 as its immediate precursor [14] . The synthesis of MoOCl 3 is not a trivial task: MoOCl 4 has been proposed as the starting material, but its use is discouraged by the relatively high cost and the possible prohibitive conditions required for the reduction process [15] . On considering that MoCl 5 is a less expensive precursor, Gibson et al. reported the synthesis of MoOCl 3 from MoCl 5 /O(SiMe 3 ) 2 [16] ; notwithstanding, according to our experience, this method may provide the desired product contaminated by impurities and in moderate yield only. In the course of our exploration of the chemistry of MoCl 5 with oxygen donors, we have encountered a number of reactions proceeding with intermediate formation of MoOCl 3 [5a,b,c,e] ; attempts to isolate this latter have been sometimes successful but, unfortunately, the procedures generally lead to a low purity product. The results reported herein include an alternative, convenient strategy for the preparation of MoOCl 3 .
The reactions described in the following have been carried out at room temperature in dichloromethane or chloroform, which are commonly considered as scarcely coordinating solvents [17] , in strictly anhydrous conditions. The main metal products have been isolated in the solid state and characterized by different techniques and by X-ray diffractometry when possible. NMR analyses have been carried out in order to elucidate the identity of the compounds derived from the eventual activation of the organic material.
Results and Discussion
The 1:1 molar reaction of MoCl 5 with 2-chloroethanol, in dichloromethane at room temperature, afforded after work-up MoOCl 3 in ca. 65% yield (Equation 1). According to IR spectroscopy and elemental analysis, the product was obtained with a good degree of purity in the cited conditions. The IR stretching vibration was observed at 1005 cm 
The formation of MoOCl 3 in the course of the interaction of MoCl 5 with aliphatic alcohols was previously conjectured but never clearly recognized (see Introduction) [14] . In order to see whether the process reported in Eqn. 1 had general character or not, we studied the 1:1 reactions of MoCl 5 with a series of ROH compounds (R = alkyl chain, H), in analogous conditions. All of these reactions produced hydrogen chloride, moreover isopropyl chloride was clearly recognized in the 
Scheme 1 about here
Compound 1 was characterized by elemental analysis, IR and NMR spectroscopy. Moreover, the Xray structure could be ascertained: it is shown in Figure 1 , while relevant bond lengths and angles are reported in (1)···Cl (2) 3.460(2) Å; <N (1)H (1)Cl (2) ).
Scheme 2 about here
Compounds 2a-b were separated by fractional crystallization and characterized by elemental analysis, IR spectroscopy (the IR spectra exhibit a strong band due to the anion Mo=O moiety, at ca. (Figure 4 ).
Figure 4 about here
Depending on whether such Mo···Cl contacts are considered as bonds or not, the anion of 2b 
Experimental

General procedures
Warning: All the metal products reported in this paper are highly moisture-sensitive, thus rigorously anhydrous conditions were required for the reaction and crystallization procedures. The reaction vessels were oven dried at 150°C prior to use, evacuated (10 -2 mmHg) and then filled with argon. MoCl 5 was purchased from Strem (99.6% purity) and stored in sealed tubes under argon atmosphere. Once isolated, the metal products were conserved in sealed glass tubes under argon. The organic reactants were commercial products (Sigma-Aldrich) stored under argon atmosphere as received. Solvents (Sigma-Aldrich) were distilled before use from appropriate drying agents. Infrared spectra were recorded at 298 K on a FT IR-Perkin Elmer Spectrometer, equipped with a UATR sampling accessory. NMR spectra were recorded at 293 K on a Bruker
Avance DRX400 instrument equipped with a BBFO broadband probe. The chemical shifts were referenced to the non-deuterated aliquot of the solvent. GC/MS analyses were performed on a HP6890 instrument, interfaced with a MSD-HP5973 detector and equipped with a Phenonex Zebron column. Carbon, hydrogen and nitrogen analyses were performed on Carlo Erba mod.
prepared by dissolution of the solids in aqueous KOH at boiling temperature, followed by cooling to room temperature and addition of diluted HNO 3 up to neutralization. C, 18.46; H, 3.87; N, 3.59; Cl, 45.41. Found: C, 18.70; H, 3.59; N, 3.68; Cl, 45.89 . IR (solid state): ν = 3115m (ν N−H ), 2985w, 2797w, 1670w, 1456m, 1398m, 1260w, 1227w, 1170w, 1121w, 1047m, 1027s, 992vs (ν Mo=O ), 942m, 920s, 874w-m, 818w-m, 797m, 736w cm -1 .
From MoCl 5 (0.340 g, 1.24 mmol) and PhNH(CH 2 ) 2 OH (0.180 g, 1.31 mmol): brown-red solid, yield 0.331 g. Anal. Calcd for C 8 H 11 Cl 5 MoNO: C, 23.41; H, 2.70; N, 3.41; Cl, 43.19. Found: C, 23.28; H, 2.82; N, 3.53; Cl, 43.03. IR (solid state): ν = 3340m-br (ν N−H ), 3108w, 3058w, 2970w, 1595w-m, 1494m, 1478m, 1452m, 1433w-m, 1372m, 1263m, 1212w, 1158w, 1062vs, 990vs (Mo=O), 930m-s, 810m, 759s, 732s, 691vs cm Table 4 . The diffraction experiments were carried out on a Bruker APEX II diffractometer equipped with a CCD detector and using Mo-Kα radiation. Data were corrected for Lorentz polarization and absorption effects (empirical absorption correction SADABS).
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Structures were solved by direct methods and refined by full-matrix least-squares based on all data using F 2 [27] . All non-hydrogen atoms were refined with anisotropic displacement parameters. Hatoms were placed in calculated positions and treated isotropically using the 1.2 fold U iso value of the parent C-atom, apart from H(1) in 1 which was located in the Fourier map and refined isotropically, using the 1.2 fold U iso value of the parent N atom. The N(1)−H (1) Table 1 . Selected bond lengths (Å) and angles (°) for 1. Table 2 . Selected bond lengths (Å) and angles (°) for 2a. Table 3 . Selected bond lengths (Å) and angles (°) for 2b. Figure 4 
